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Objectives

@ learn object-oriented programming via Python
e start with Python without object-oriented features
e off topic: Python
» is the most taught language in US universities
» “swallows” everything (want to use this library? — it is
likely to have its “Python interface”)

» is simple and “reasonable” in most aspects (the spec never
irritates me)
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Python: basic syntax and data types

e rich builtin data types
» None, numbers, string, tuple, list, dictionary (associative
array), set
@ concise expressions to build various data types
e dynamic typing
@ object-oriented

» a common syntax (method) does a different appropriate
operation for each data type

» a class defines a new data type

» flexible reuse of code, in part due to dynamic typing

e ‘“expression” (that evaluates to a value) and “statement”
(that does not result in any value) are distinct syntactic
entities
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(D)~ T I
e None: (= XIViRA V&)

» None
o #:
» 3,48.5,4.8j, 100000000000000000000000000000
o LT
» "Mimura", ’He said "Mimura'"’
o X
» 168,56.5,"Mimura"
» (168,56.5,"Mimura") (FHIMNIHZTIFRWANBERK X [B]EED
=it D B )

o U AD:

» [ 3, 4, "Mimura" ]
o HiEE:

» { "height" : 168, "weight" : 56.5 }
o A

» set([1,2,3])
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Expressions (1) — Literals

e None: (= null pointer)
» None
e numbers:
» 3,48.5,4.8j, 100000000000000000000000000000
e string:
» "Mimura", ’He said "Mimura'"’
e tuple:
» 168,56.5,"Mimura"
» (168,56.5,"Mimura") (parens are optional but often
required to avoid ambiguities)
o list:
» [ 3, 4, "Mimura" ]
e dictionary:
» { "height" : 168, "weight" : 56.5 }
@ set:
» set([1,2,3])
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A (2)

o AR
> X
A (TR > THA RERIZED)
»a+b
BRI OFHE U
» f(a,b+2,c*2), f(a, b+2, z=c*2)
74—V RS
> a.x
Ay RIFOH U
» fp.read(100)
R, AT A
» a[0], d["height"], a[1:2]
AL (5 1 A 2):
» lambda x: x + 1
U A h ARG
» [ x * x for x in [1,2,3] ]
» [ x * x for x in range(0,100) if prime(x) ]

(]
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Expressions (2)

e variable:
> X
e operator: (has different meanings depending on types)
»a+b
e function call:
» f(a,b+2,c*2), f(a, b+2, z=c*2)
field reference:
> a.x
e method call:
» fp.read(100)
indexing/slicing:
» a[0], d["height"], a[1:2]
e anonymous function (lambda expression):
» lambda x: x + 1
list comprehension:
» [ x * x for x in [1,2,3] ]
» [ x * x for x in range(0,100) if prime(x) ]

(]
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o (ZHAD) KA

(1,2,3) # HEDRASL
z=e # X TINVOEZEY) H L
y,z 1 = range(0,3) # U AMDERIY HL

def f(x, y):
d=x-y
return d * d

o EHD A — 7 (HRHH) 12OV TIdED
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Statements (1) — definitions

e assignment (to variables)

x = (1,2,3) # ordinary (single) assignment
X,y,Z2 = e # extract tuple components
[ x,y,z ] = range(0,3) # extract list components

e function definition

def f(x, y):
d=x-y
return d * d

e scope rules (where variables are visible/accessible) are
described later

14 /100



X (2)~T — A HEEDEH

o (T —AMEEAD) RAX

a=1[1,2, 3]
2 |d = { "height" : 168, "weight" : 56.5 }
al1] = 20

2 | d["height"] = d["height"] + 2.5

o del X

1 | del d["height"]
2 |del a # Z¥a DOHI
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Statements (2) — updating data structures

e assignment (to data structures)

[1,2,3]
{ "height" : 168, "weight" : 56.5 }

a
2 |d

a1l = 20
2 | d["height"] = d["height"] + 2.5

o delete statement

del d["height"]
2 | del a # delete variable a
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S (3)~ BB T

e return X

1 | def £(x):
2 return x + 2

o HoWBHAEXTEHD

1 | def f(x):
2 fp.write("x = %s" % x)
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Statements (3) — simple statements

@ return statement

def f(x):
2 return x + 2

@ any expression is a statement

def f(x):
2 fp.write("x = %s" % x)
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L (4)~ il el

0 if X
1
2 |if x < 0:
3 return -x
4 | else: # AW RE
5 return x
e for X
for x in [1,2,3]:
2 print(x)
print(x * x)

e while X

while x > O:
X

qQq=q+1

X - m

@ break X, continue X
e pass (ffH L AW
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Statements (4) — control flows

o if statement

if x < 0:
return -x

else: # optional
return x

I N N

o for statement

for x in [1,2,3]:
print(x)
print(x * x)

@ while statement

while x > O:
X=X -m

q=9q+1

@ break statement, continue statement
e pass (does nothing)
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e import X
» BV EMDS DD
o VI AESE
» FILWT—RBEEHRTD72DDX
ThET gk
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Statements (5) — misc.

@ import statement
» a statement to use a module
@ class definition

» a statement to define a new data type

will be described below
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import 3 (&Y 2 — LDV TT)

o HAMEENEDEY a—IIlhHdnEsEXEDD
» B¥ES AT
https://docs.python. jp/3.6/library/index.html
» T DM, FEED Python €Y 2 —ILANEINA ™ > O — R fE
» BHBREDODEFNNw r—II TS, fi:

1 [$ sudo apt-get python-matplotlib
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https://docs.python.jp/3.6/library/index.html

import statement (how to use modules)

e find which module has a function you want
» standard libraries are in
https://docs.python. jp/3.6/library/index.html
» numerous modules can be downloaded
» popular modules have packages (any of them)

1 | $ sudo apt-get python-matplotlib
2 | $ sudo pip3 install matplotlib
3 | $ pip3 install --user matplotlib
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https://docs.python.jp/3.6/library/index.html

import 3 (&Y 2 — LDV TT)

HUYTOEY 2a—NVROZTOHDOEBL R ER DN 725,
Q@ /il THIZ [£Ya—)V&. 4Ri] TZIR

1
2

Q Hik2 EVa—IVZEHNTES

import heapq
heapq.heapify([1,2,3])

1 | import heapq as hq
2 | hq.heapify([1,2,3])

Q J3i% 3: EIRAYIZ import

from heapq import heapify
2 | heapify([1,2,3])

Q /it 4: &£ T import (ALBR)

1 | from heapq import *
2 | heapify([1,2,3])
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import statement (how to use modules)

once you found the module you want
© method 1: use the canonical module_name.var_name
expression

import heapq
2 | heapq.heapify([1,2,3])

© method 2: import with an alias name

import heapq as hq
2 | hq.heapify([1,2,3])

@ method 3: import selected names from a module

1 | from heapq import heapify
2 | heapify([1,2,3])

@ method 4: import all names from a module

from heapq import *
2 | heapify([1,2,3])
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Pitfalls and points to remember

indentation is part of syntax
most errors happen at runtime
string literals

embedding values into strings

common operations on containers (tuple, list, dictionary and

set) and sequence (string, tuple, list)

list comprehension
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SCEDRE ()

o THEEOXOB (T 7)) %FFIFCHE
o BV NIE [T FITR (ZHE)] AHED
- CTHNEL X ...} LU A>TV AE D

def f(x, y):
for i in range(0,x):
print(i) # for XD
print(x) # for XD
print (y) # for XD, BEOH
print(x+y) # for XD, BEDH
print("hi")  # B D

SN RN ~
~ @ NSRS v

o FRITZKAF FIZLTIWVIT AW

1| # AR

2 | def f(x, y, z):
3 print(x)

4 print(y)

o il FRIFIX Emacs IR & (tab #FT T [HERFTITD

SR )
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Indentation is part of the syntax

e indentation determines statements that make a block

» in C, braces make a block of statements { S; S; ...}
>

1 |def f(x, y):

2 for i in range(0,x):

3 print(i) # within the for

4 print(x) # within the for

5 print (y) # outside the for, within the function def

6 print(x+y) # outside the for, within the function def

7 | print("hi")  # outside the function def

» in other words, indentation (the number of leading spaces) is
part of the syntax

e you cannot indent arbitrarily

# NG

def f(x, y, 2):
print(x)
print (y)

NG SR

@ use a decent editor and let it do the job
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SCEEORE (B IE T Y)
o WHFT, a1y (1) MKD

» def

» for

1
2

def f(x, y, 2):

1 | for x in E:

2

» while

1 | while FE':

2

o Zl: Emacs Ttab T U T, F RIS DALEIZ KL
MO OXIELT— RZaO0 Y DO ENREEEEE D
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Syntactical notes (colons appear at places)

@ a colon appears in many places

> def

1
2

def f(x, y, 2):

> if

N W W~

if x:

else:

» for

for x in E:

» while

while E:
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BRODOAT—S

== > 45 3
e CEFETOHEH

1 [int x = 10;

2 |int £O {

3 int x = 20;

4 printf("x = %d\n", x);
51}

/% RIBEE x +/

/* RATAR x (L& i3 «/
/* THD x 25| */

o Python & FFHHIEERR. 7223, ZEUERDKH G SHEMZ D

T, HENBE

1 |x =10

2 | def £():

3 x = 20

4 print("x = %d" % x)

# KIRAH x

# HSETHREE x (L&Y
# 3TTHD x 22

0 CTUTDIDIIZENWZLEDBERIIRD Z LIZEE

int x = 1
int £0O {
x = 20;
printf("x = %d\n", x);
}

R I N

0; /% RISZEHR x +/
/* ZHUREBERTIZR S WTHDx NRA */

/x UUTHD x 25 */




Variable scopes

e C language review

© o~

SN

int x = 10; /* global variable x */

int £() {
int x = 20; /* local variable x (different from the above) */
printf("x = %d\n", x); /* refers to x at line 3 */

}

Python similarly has global and local variables, but is trickier
as it does not have a distinct syntax for variable definition

x = 10 # global variable x
def £(O):
x = 20 # introduce a local variable x (not an assignment to
the global variable above)
print("x = %d" % x) # refers to x at line 3

note the following C code has a different meaning

int x = 10; /* global variable x */
int £ {

x = 20; /* not a local variable definition, but an
assignment (to the x at line 1) */

printf("x = %d\n", x); /* refers to x at line 1 */ 35 /100




BRODOAT—S

o DFE VI MEHIIBEH T LIZEHU TWE ] S, HEEMNDOMHE
NHUAFEHABEZNT WD NS T &
o A »HDEBIZEE x NORADENZS, o (FFREKE

ULTEHRIND
o KIBZHANDRAZULZTFTNFZESTLHD?
1 [{x=1

2 | def add_to_x(dx):
x = x + dx

>>> £(3)
2 | UnboundLocalError: local variable ’x’ referenced before assignment

o AYIZLZVDTHNIZ,

x =1
def add_to_x(dx):
global x # [ZODOBBNDx IFKIRLE] LWSES

X = x + dx

FSEV S
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Scope of variables

@ in short, a familiar rule: “variables are basically local to

functions” applies in Python too

e rule: if an assignment to variable x appears within a

W~

>N

function, x is a local variable of the function
what if you want to assign to a global variable?

x =1
def add_to_x(dx):
x = x + dx

>>> £(3)
UnboundLocalError: local variable ’x’ referenced before assignment

if you are sure you want to do that:

x=1

def add_to_x(dx):
global x # declares ‘‘x within this function is global’’
X = x + dx
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IE 2 A Y DTS — 3B (AT

o FEITHT (B Z XD E HIF) [Tt I b T —F, kT
77— (7R, FHMD L Ush, ete.) < 5
o IFLAYDTI—EFBIZHET L CHI. BFEFhE
Fiﬁjawuia~uagam
» MTJ— (3 + "hello")
» REZODEHSH

1 | def print_name(name):

2 print (nama)
3 | def main():
4 print_name("Mimura")

» FAELRWT £ =L RP AV W RDBIE
» FEA L AL TR EDIRNRAS

1 | def add_pair(xy):

2 x,y = xy # X7 Q8T %2HL 55 TE
3 | def main():

4 add_pair((3,4,5))
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Most errors are detected dynamically (at runtime)

e errors checked before execution (e.g., when you define a

function) are mostly syntax errors
e most errors are detected just when executed. errors below are
not detected at definition

type errors (e.g., 3 + "hello")
references to unassigned variables

def print_name(name) :
print (nama)

def main():
print_name("Mimura")

reference to non-existing fields or methods
tuple assignments with a wrong number of elements

def add_pair(xy):

X,y = Xy # meant to receive a pair
def main():

add_pair((3,4,5))
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String literals

e Python allows both a single quote (’) or a double quote (")

to form a string literal
e triple quotes (>’ or """) can make a string literal having

multiple lines

1 | """triple quotes can make
2 | muli-line strings

nun
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SCFHIANDAED B DA A

o [XFH| Y fE] T, XFFHIHFD placeholder NDAED D IA A
o [XXFF| Y &7

>>> "name = %s, weight = %.3f" % ("mimura", 100.0/3.0)
‘name = mimura, weight = 33.333’

1
2

o [3XF4 Y, Fidh

>>> "name = (% (name)s, weight = % (weight).3f"
% { "name" : "mimura", "weight" : 100.0/3.0 })

‘mimura, weight = 33.333’

o [3XFH Y, TNLM

>>> "age = Jd" % 30
2 | ‘age=30’
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Embedding values into a string

e string % expr will replace the placeholder in string with the

value of expr

>>> "x = %.3f" % (1.2 + 3.4)
x = 4.6’

if the value of expris a tuple, it replaces multiple placeholders

>>> "name = %s, weight = 7%.3f" % ("mimura", 100.0/3.0)
‘name = mimura, weight = 33.333’

if the value of expris a dictionary, it replaces named
placeholders

>>> "name = (% (name)s, weight = % (weight).3f"
% { "name" : "mimura", "weight" : 100.0/3.0 })

‘mimura, weight = 33.333’
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Sequences and containers
@ sequences:
» data structures whose elements can be accessed with integer

indices
» builtin sequences = string, tuple and list

@ containers:
» data structures holding elements and allowing elements to be

added /removed
» builtin containers = list, dictionary and set

Python has a rich set of builtin sequences and containers and a

common syntax to access them

ing  typl
o1t 2,31

sequence

fifioRaty ) S8t g,

container
(add/remove elements)
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5I. 3V F I B R

o HHRZR:
» a[3], a[3:5], al[:5], a[3:], a["name"]
o HHEMA:
» a[3] = 5,a[3:5] = [1,2], a["height"] = 170.0
o ZIZRHIFR:
» del al3], del a["weight"]
T—ANES TEIEDGIETHRS. =21,
o AT A AFE ([a:h]) 1, FIDHA
o SR GEMN - fAA - HIKR) 1ET Y 5 F DA
o I, AT A ALMNDIFIIFFE DA
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Expressions for sequences and containers

o get item:

» a[3], a[3:5], a[:5], a[3:], a["name"]
e set (add/replace) item:

» al3] = 5,a[3:5] = [1,2], al"height"] = 170.0
o delete item:

» del a[3], del al["weight"]

note that the syntax is common across different data types, except
for obvious limitations:

o slices ([a:b]) are valid only for sequences

e updates (addition/assignment/deletion) are valid only for
containers

e non-integer indices are valid only for dictionaries
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for XD IEARIZIED L (1)

o FEAHDIEAZ, VA MDRERIZ X 2EIFTTD

1
2
3

L=1[1,2, 3]
for x in L:
print(x)

(3

1
2 |4

1

319

o 3% - VT F7%45 0K

1
2
3
4

for 2% in M E /T T
X
X
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A closer look at for statement (1)

e the basics: execute the statements for each element of a list

L=1[1,2,3]
for x in L:
3 print(x)

will produce:

1|1
2
319

e actually, it works for any sequence or a container

1 | for var in a seqeunce or a container:
2 statement

3 statement

4
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for XD IEARIZIED L (2)

o HEEDLGE, HEIZZEIND F =LY HIIND
1 D = { P 1’ npno. 2 }

2 | for k in D:

3 print (k)

DT (R I3 T HIAREE) 13,

a
b

1
2

o fE . items() TF—fHDRTZWIHT I EMNTED

1 | for k,v in D.items():

2 print("%s = %s" % (k, v))
D R 1

1 |la=1

2 =2
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A closer look at for statement (2)

e for a dictionary, a for statement iterates over its keys

D = { "am s 1, "b" : 2 }
for k in D:
print (k)

will produce

a
2 |b

(the order is unspecified)
@ you can iterate over key-value pairs by dic.items

for k,v in D.items():
2 print ("%s = %s" % (k, v))

will produce

a 1
2 |b=2
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for XA T 1 A L (1)

o items() THEDFT—LHDM (X TIN) DV A NP/ LEND

>>d=9{"a" : 1, "b" : 2 }
>>> d.items()
[(Ca’, 1), b, 2)]

1
2
3

o INZEMMULT, BEDF—LIHZWH

for k,v in d.items():
print("%s is %s" % (k, v))

DG X

a is 1
b is 2

1
2

1
2
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Frequent idioms of for statements (1)

e items() of a dictionary generates tuples of key and values

for k,v in d.items():
2 print("%s is %s" % (k, v))

will produce

1 |ais 1
2 |bis 2

54 /100



for XA T 1 L (2)

o ziplT 2DV A h2HDLED

>>> zip([1,2,3],[4,5,6])
2 | [(1, 4, (2, B), (3, 6)]

o TNEFFHLT, o0V A hOXISEHRE — I/

for x,y in zip([1,2,3],[4,5,6]):
2 print(x * y)

DifEFIX

114
2 |10
3 |18
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Frequent idioms of for statements (2)

e zip function fuses two lists into a list of tuples

>>> zip([1,2,3],[4,5,6])
2 | [(1, 4, (2, B), (3, 6)]

e useful to process corresponding elements of two lists together

for x,y in zip([1,2,3],[4,5,6]):
2 print(x * y)

will produce:

4
10
18
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) A M NEKE

o for IX] O X N—=YayvrEZIFHEWV
o i1

>>> [x*x for xin [ 1, 2, 3] 1]
[ 1, 4, 91

o 2 (714 VAfIE)

>>> [ x * x for x in range(0,10) if x % 2 == 0 ]
[0, 4, 16, 36, 64 1]

1
2

1
2

o FIFFHATFDI L,
1 [[Eﬁfor 2R in VAN ]

I AN ORERIZHL (2% 220 U ET
A 2L~ A NEED

P [[ X for £ in U AL if &R ]

W TR 2202807129
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List comprehension

e the “expression” version of for statements
o Ex 1

1 [>>> [x*xforxin[1,2,31]1]
2 |[1,4,9]

e Ex 2 (with filters)

1 |>> [ x * x for x in range(0,10) if x % 2 == 0 ]
2 |[o0, 4, 16, 36, 64 ]

e the syntax speaks for itself

1 ([ expr for x in lexpr ]

makes a list of “expr”, with each value in the lexpr as x

1 [[ expr for z in lexpr if cexpr ]

will leave only elements satisfying the cexpr.
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) A M NEKE

o MGEY) | “for” BABRIX for X FF> TV 2D L [H U —itE%
D

o VANIHIZITFHETE R

1 |>> [k for kin { "a" : 1, "b" : 2 } 1]
2 [;a7’ 7b:]

o HHBODEH=ZINNEILETED

1 |>> [ x +y for x,y in zip([1,2,3],[4,5,6]1) 1
2 |[5,7, 9]

e Python & OCaml Ak DR WEE | THEWHRO 5D SEE
DY ESERLMAREDIIRAZIEFDNEN

o VA MANURIIMENZE DDNRFEK
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List comprehension

e as you will imagine, a list comprehension has a similar
generality as a for statement

e lexpr part can be a dictionary, for example

>>> [k for k in { "a" : 1, "b" : 2 } ]
[ Ja)’ b2 ]

1
2

e it can take multiple variables

1
2

>>> [ x + y for x,y in zip([1,2,3],[4,5,6]) ]
[5, 7,91

@ You can live without them, but they are worth mastering
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© Python HHDBEE / Getting Started with Python
© Python W< D0DERHH / Some features of Python
Q /X 2V 5 7 / Sequences and Containers

@ /o ATLBH LT —XDEFE / Defining new data types
with classes

Q 47V MNMERWAEZE Z TS/ Object-Orientated paradigms
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Python 27 7 A€ #& Dl

class point:
def __init__(self):
self.x = 0
self.y = 0
def move(self, dx, dy):
self.x += dx
self.y += dy

AT N N SN

Z ORI

1 |p = point()
2 | p.move(1,2)
3 | p.move(3,4)
4 | print(p.x,p.y)

KATHER

1 [4 6
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Defining a new type with class

An example Python class definition:

class point:
def __init__(self):
self.x = 0
self.y = 0

def move(self, dx, dy):
self.x += dx
self.y += dy

O R N SN

with its use:

p = point()
p.move(1,2)
p.move(3,4)
print(p.x,p.y)

© ~

N W@

and the results:

1 (4 6
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class point:
def __init__(self):
self.x = 0
self.y = 0
def move(self, dx, dy):
self.x += dx
self.y += dy
p = point()
p.move(1,2)
p.move(3,4)
print(p.x,p.y)

o VI A
» TR0 Y] 2E&HT D
» B C O struct, DS FE
D record
o ATV, A VARV
» VI AERIIHEDONTEEN
F—&
» JELIMI: C D struct BLDER,
malloc X 7~ fEis
@ —DODIITAMHLW 6 TEHEA
Tz MREFEFND D
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Terminologies (classes and objects/instances)

@ class
i [c1ass point: » defines a “format” of data
2 def __init__(self): » analogous to: struct in C,
3 self.x = 0 .
, self.y = 0 record in other languages
5 def move(self, dx, dy): @ objects or instances
6 self.x += dx .
7 self.y += dy » data created according to a
class definition

- » analogous to: variables of a
1 |p = point() . .
2 | p.move(1,2) struct in C, regions allocated
3 | p.move(3,4) by malloc
4 | print(p.x,p.y)

@ a class can have many objects
that belong to it
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class point:
def __init__(self):
self.x = 0
self.y = 0
def move(self, dx, dy):
self.x += dx
self.y += dy

p = point()
p.move(1,2)
p.move(3,4)
print(p.x,p.y)

@ AV W R

» VI ADATI =7 MIKEOSE
6N

» Python M A Y REEZED L
FE OB ERLFU. B
S8 (BFITD self) ATV x
7 NIREIND

» AV RIFOH U D%

1 [«zﬁ».xw K& (..

» <<HA>DFERIE TAYV Y R4
2RO 7T b

» TOA TV MHRRVOH I N
T2 A Y ROHE—58 (FITD
self) 2745
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Terminologies (methods)

e methods ~ functions

AN W =

B W W~

attached to objects of a
class

class point:
def __init__(self):
self.x = 0
self.y = 0
def move(self, dx, dy):
self.x += dx
self.y += dy

p = point()
p.move(1,2)
p.move(3,4)
print(p.x,p.y)

e a method definition has the same
syntax as an ordinary function
definition; the first parameter
(self in the example) receives
the object

e the syntax to call a method

1 [ expr. method_name(. . .)

e the result of expr should be an
object that has a method named
method_name

@ the object becomes the first
parameter of the called method
(self in the example)
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class point:
def __init__(self):
self.x = 0
self.y = 0
def move(self, dx, dy):
self.x += dx
self.y += dy

p = point()
p.move(1,2)
p.move(3,4)
print(p.x,p.y)

e IVANTI IR
» VI ADATI Y b afED
B
» U7 A% & A UAETOREEL
» T 74V R TIX0 5D
» _init L WIHZEIDOAY W R
EFEETDE, IVANTI VA
*HHEIZER (WAZIA X)
TX?
o @M, 74 —JUR
» CDstruct D7 4 —J)LREFEU
> Sk

1 [<<;ﬁ>>. T74—=IVR%
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Terminologies (constructors, attributes/fields)

B W W~

class point:
def __init__(self):
self.x = 0
self.y = 0
def move(self, dx, dy):
self.x += dx
self.y += dy
p = point()
p.move(1,2)
p.move(3,4)
print(p.x,p.y)

@ constructors

» the function that creates an
object of a class

» in Python, a class has a
constructor of the class name

» by default, it takes no
arguments

» you can define (customize) a
constructor by defining a
method of the name __init__

e attributes or fields

» analogous to fields of a struct
in C

» syntax to access a field:

1 [ expr. field_name
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77 A ~struct + AV AT X + BIE
0 MODERIFCTEDLRLIEXSAVZWTRERU

1 | typedef struct { int x, y; } point; // data format

2 | point * make_point() { // a function to create a point

3 point * p = malloc(sizeof(point));

4 p~—>x = p=>y = 0;

5 return p;

6}

7 | void move(point * p, int dx, int dy) { // a function to work on a point
8 p->x += dx;

9 p->y += dy;

10 | '}

o TIfa[2Ni&>?
» ZREM: RUATTDAY Y K (RHID move) 2, 77 AT LI
REDLZPHGTERTED
» BIBIREE: RIUARTODAY Y RIECHUA, A7V 2 MHE
T2 ALY, #HYR (RAD) AV Y REIFOHT
> R DOV I ARLERLUTHLWI I AEZEHTED (IX
DATAR)
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a class &~ a struct 4+ a constructor 4+ functions

e the above class definition is analogous to the following C

definitions
1 | typedef struct { int x, y; } point; // data format
2 | point * make_point() { // a function to create a point
3 point * p = malloc(sizeof (point));
4| p>x =p>y=0;
5 return p;
6}
7 | void move(point * p, int dx, int dy) { // a function to work on a point
8 p->x += dx;
9 p->y += dy;
10 |}
e so what are the differences?

» polymorphism: different classes can have different definitions
of the same method name (move)

» dynamic binding: a method call expression will call different
methods depending on the class of the object

» inheritance: a class can be extended to define a new class
71 /100



Z MM & B A

1 | class line:

2 def __init__(self):

3 self.x0 = 0 "

4 self.y0 = 0 o [A#D (move) AV W RIFHEED
5 self.x1 =1 —

6 self.yl =1 7 711%%@“}%&

7| def movelsalt, &, dy): o AV RIFUHIU (o.move) &, o
9 self.y0 += dy MWEDYT T ADA VARV AT
Z) self.xl += dx 3557)‘6:4:‘), ﬁtﬂ@)(\/‘y R %

self.yl += dy

WO

1 [o.move(dx, dy)
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Polymorphism and dynamic binding

1 | class line:

2 def __init__(self):

3 self.x0 =0 e multiple classes can define a

4 self.y0 = 0 i

5 self.xl = 1 method with the same name

6 self.yl =1 (IIIOVG)

7 def move(self, dx, dy):

8 self.x0 += dx e a method call expression

9 self.y0 += dy . .
10 self.xl += dx (o.move) will call an appropriate
u self.yl += dy one, depending on the class o

belongs to
1 [o.move(dx, dy)
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25 2D ()

1 | class circle(point):

2 def __init__(self):

3 # BlUSADIAVARNT V7 Z %R
4 super () .__init__()

5 self.r = 1

6 def mag(self, f):

7 self.r = self.r * £

8 def area(self):

9 return self.r * self.r * math.pi
1 | ¢ = circle()

2 | c.move(1,2)

3 | c.area()

o HIGE:

» Bl T A R I NS 7 T A (point)
» T A AR LUTHULSELNS VT A (circle)

o U T AL, BlUITADAY Y RERZ HEIHITHAK
o U7 ATHERMNWEE
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Extending a class (inheritance)

class circle(point):

def __init__(self):
# call the constructor of the parent class
super () .__init__()
self.r = 1

def mag(self, f):
self.r = self.r * £

def area(self):
return self.r * self.r * math.pi

© D G A e

c = circle()
2 | c.move(1,2)
c.area()

e terminologies:
» parent class : the class to inherit from (point)
» child class : a newly derived class (circle)
@ the child class inherits methods from the parent
e they can also be redefined in the child class
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2% C++D T 7 A

1 | struct point {

2 int x, y;

3 point() { x = 0; y =0; }
4 void move(int dx, int dy);
513

6 | void point::move(int dx, int dy) {
7 // = this->x += dx;

8 x += dx;

9 // = this->y += dy

10 y += dy;

11 |}

12 | int main() {

13 point * p = new point();
14 p—>move(3, 4);

15 |}

o XHEMIZIE, ~ C D struct
WIZ, AVY REERTE
5E5ZUZED

o AV W RIE, MEUHINA
FTIT RADKRA VAR
%, this &\ D AT (KFER
M) ZITEL > TV D

o AVYW RIFZFDOATI =Y
I (this) DJEME %, @HE DL
BDOELHIZTIVRATES
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Note: C++ classes

R N AN W~

N N U
S N O )

struct point {
int x, y;
point() { x = 0; y =0; }
void move(int dx, int dy);
};
void point::move(int dx, int dy) {
// = this->x += dx;
x += dx;
// = this->y += dy
y +=dy;
}
int main() {
point * p = new point();
p—>move(3, 4);
}

o ~ struct of C + method
definitions within it

@ a method receives the
(pointer to) the called
object, implicitly in this
parameter

e a method can access
attributes of the object like
ordinary variables (without
this)
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Q@ EYVa—I)Lik - #K1t:
> [T L ANSIEEND FRE (VR T —R)] %27
VY ROEHEHELUTY 7 RN EHMEL TS = 7T A
> [AMSIEENS FH X OBRRIZZITHKEL/Z2—RIE, #
D E (52 W EDL>THE T DD
Q ZHEMEDFIA:
» VI ANBLNIEFR UL TES AYVY REEHZETIS =
A UV GO %72 < IAENDS
» YDAV RDBEIEND L, FEENTHWE ATV 27 by
T ATHED
Q EHMEOBFA - AR M:
» MMFOFEEZIFRLUT, FrUWEREZELILNTED
» MENAVEU ] THNIEEDEHUNS RN T— REE)X
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Object-Oriented paradigms

Q@ modularization and abstraction:
» build a software with “data type 4 externally visible
methods (interface)” as a unit = class
» code continues to work even if a component changes, as long
as it depends only on externally visible methods
© polymorphism:
» different classes can differently define methods of the same
name = there can be many components of the same interface
» class of the called object determines which method gets
called
© reusable and extendable components:
» new implementation of an interface can be derived by
extending an existing class
» code that only knows about existing components still works
as long as the new component has the same interface (and
semantics)
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Python (2 TH#lAAENZ] ATV 7 MNMER
2 2 75

o VAN, AT, WHE, XFHRET, BEANTILAT
% RCik A3 I
» alidx], alidx] = x, del alidx],
o [A URLIE (WJ ) ML LT — A BEUNEAT S ITIEW 223
RLDEEERD
> BUE + Bl = RUK
» UAN + VR = #if (%2 7)), XFFE )
» DAL * B = VA MDY IBL (& 7, XFF]E FkK)
o 17 L—XTHINIXMTEZIFFT S for X
o FHiFTNS ([1, del, +, for, ... ) EAYVY RIEUH L THY,
WAV Y RER>7 7 22 EH TN, [H UKL THH
A HE
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Object-Orientation built into Python

@ a common syntax to access various data structures (list,
tuple, dictionary, string, etc.)
» alidx], alidx] = x, del alidx],
e the same operator (e.g., +) applies to various data structures
but behaves differently (albeit similarly)
» number + number = arithmetic addition
» list + list = concatenation (same for other sequences)
» list * number = repeat the list (same for other sequences)

e for statement accepts any containers or sequences (more on
this later)

e in fact, they ([], del, +, for, ...) merely call methods of
particular names; if you define a class with methods of these
names, the same syntax applies to these classes too
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+, %, [, etc. DT —XBUNZ Lo TESEMER
+5
o ALUAVY ]\’C%777\ﬁi6 i&é% ARl LW DA
7Yz MERE R D~
o FEiX, +, x, [] 738%)(‘/‘7 F@**ﬁ
» a + bl¥, a.__add__(b)
» albl 1%, a._getitem (b)
» a.x §H%HEIE, a.__getattr__("x")
» RE (BEBV I 7V VA TT=RETIV — FEAY Y RE)
Dfiix ZR)
0 WIIED Y, add WD AV Y RIREH TN, ELUHE+

AT 12
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+, *, [], etc. behave differently depending on
data types

@ it is an example of object-oriented paradigm: “classes have
different implementations of a single method”
e in fact, +, *, [] etc. are all methods
» a + bcallsa.__add__(b)
» al[b] calls a.__getitem__(b)
» even a.x in fact calls a.__getattr__("z")
» etc. (see https:
//docs.python.org/3.5/reference/datamodel .html
“data model” — “special method names” in the language
reference)

@ in other words, you define __add__ method in a class and you
can apply the + operator to its objects
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https://docs.python.org/3.5/reference/datamodel.html
https://docs.python.org/3.5/reference/datamodel.html

_add ZEHETNIELE UED A FE

o & Ffl:

1 | class vec2:

2 def __init__(s, x, y):
3 S.X = X

4 sS.y =Yy

5 def __add__(s, p):

SN

return vec2(s.x + p.x, s.y + p.y)

o I

>>> p = vec2(1,2) + vec2(3,4)

2 | >>> p.x,p.y
s | (4, 6)
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Define __add _ and you can plus (+) it

e example definition:

1 | class vec2:

2 def __init__(s, x, y):

3 s.Xx = X

4 s.y =Yy

5 def __add__(s, p):

6 return vec2(s.x + p.x, s.y + p.y)

@ usage definition:

>>> p = vec2(1,2) + vec2(3,4)
2 | >>> p.x,p.y
4, 6)
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B N PR F R AT AE 75 B2
o fl ZIXLL N DEA%L:

N

R N O

IECN

def sum(L, v0):
v = v0
for x in L:
V=v+Xx
return v

W, LOERE LT vo DD, B UA (+)
X, EARV ANV T HIZE AR EE
Hil:

TRAERINTHN

>>> sum([1,2,3], 0)

6

>>> S'Ll.m( ["hello" s n n . "WOI‘ld"] , n ")

’hello world’

>>> p = sum([vec2(1,2), vec2(3,4)], vec(0,0))

>>> p.x,p.y
(4,6)
INHEZNRY KR E FITITRADHEAHD L, Python A3EHK

BRIMAZ UBWEGELEND
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Maximally reusable functions

e the following function:

def sum(L, v0):
v = v0
for x in L:
V=v+Xx
return v

I VO SN

can apply to any lists or containers among whose elements

(and v0) + operation is defined

#l:

[~

>>> sum([1,2,3], 0)

6

>>> sum(["hello", " ", "world"l, "")

’hello world’

>>> p = sum([vec2(1,2), vec2(3,4)], vec(0,0))
>>> p.x,p.y

(4,6)

W~

QDN W

[~

is Python does not have a static type check

a part of the reason why you can do things like this so readily
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for XD IEAK (1)

o for XTI, EEDFIR IV T F R ML T X B LR AR 7203, A
X 51 —%%
o for X

1 | for ... in E:

2 X
3 ..

Bl UFZHZTHDRLMTE RN

» _dter () AVY RERL, ChAHEA TV MEIRT

» TOATIZI N (AT V=) IE, _next__ () AV Y R&EKD

» _mext__() AV Y RF—EIEEIND T LI L 72\ WMEZ EHIZ
Y. 2PN BT S ARV & F X, StopIteration &\
SIS REIED
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the truth of for statement (1)

e for statement can process arbitrary sequences or containers

e it is in fact more general
o the FE of a for statement

1 | for ... in E:
2 S

can be any object satisfying the following.
@ it has _iter__() method that returns an object
@ the returned object (iterator) has _next__() method
@ _next__() method will return an element to process, or
raises StopIlteration exception when there are no more

elements to process
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for LD IEAK (2)

o DF ) for X:

IR N N SN

for x in E:

DIEMARIX,

it = E.__iter__Q)
try:
while 1:
r = it.__next__Q)

except Stoplteration:
pass

DI &
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the truth of for statement (2)

e that is,

for x in FE:

S

is equivalent to:

it = E.__iter__Q)
try:
while 1:
z = it.__next__()
S
except StopIteration:
pass

DZ &
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iteration I G (for X CLET E %) DT — &

o 771

1 | fp = open("a.csv")
2 | for line in fp:
3

o T—AN—AU T DFER

import sqlite3
co = sqlite3.connect("a.sqlite")
for x in co.execute("select x from a"):

F G S

o iax IFHIFEA L LEMN<HEYVIEL] 2, [ U for XT
WITE, TDESRT—H%2HITHEDS Z L& AlhE
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Other “iterable” data (for statement can process)

e file objects

fp = open("a.csv")
2 | for line in fp:

e results from a database query

import sqlite3
co = sqlite3.connect("a.sqlite")
for x in co.execute("select x from a"):

NS

Y

e various “iteration over data (with different details)” can be
done with a for statement; and you can define new data that
can be iterated with a for statement
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iteration (JEER A TV =V N2 {ED
o Hil: 3L 3D O EAEITEEKT S

1
2

for x in three():

A x120,3,6,...,31,32.33.....30 % ARD LD IT

e ATV 1. IIRD] ZTD&DBE%KT next AV Y REF;
D77 J A three_iter % 7%

o AT Y2 /T Athree %, _iter__() AV Y KH
three_iter D1 VARV A% KT L DITER

self.x = x + 1
return x
raise StopIteration

1 | class three_iterator:
2 def __init__(self):
3 self.x = 0
1 | class three: 4 def __next__(self):
2 def __iter__(self): 5 for x in range(self.x, 41):
3 return three_iterator() 6 if x % 3 == 0 or 30 < x < 40:
7
8
9
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Creating iterable objects (canonically)

1
2
3

e Ex: generate all numbers up to 40 that are divided by 3 or

have a 3

1 | for x in three():
2

should assign x 0,3,6,..., 31,32,33,...,39

@ step 1: define a class, three_iter, that has __next__ method

that returns the “next” number
@ step 2: define a class, three, whose __iter__() method
returns an instance of three_iter class

class three:
def __iter__(self):
return three_iterator()

© 0 NG W~

class three_iterator:
def __init__(self):
self.x = 0
def __next__(self):
for x in range(self.x, 41):
if x % 3 == 0 or 30 < x < 40:
self.x = x + 1
return x
raise StopIteration




VRl —A&  —FF-SHLY B\ iteration A GE
BATIr b
o DM ELL TR TCHEELND

1 | def three():

2 for x in range(0, 41):

3 if x % 3 == 0 or 30 < x < 40:
4 yield x

1 | for x in three():
2

o VL —4&: BBUERNIT, yield &\ D XA —EL LB
TW5ED
o lyield F < K FE DfEZ% for UTAtHG ] LHMEL TH I
EEW. FEL <1
» VLAV —ABIERNE HIBEIZ iterate AJRERA 7V =7 b & IKT
» TOX TV MO _next__ AV Y RMBIEEND &, BEDIR
D yield X EFTHETIN, THIEIN/EERT
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Generator : a quickest way to create an iterable
object

e the following can do all the above example did

1 | def three():

2 for x in range(0, 41):

3 if x % 3 == 0 or 30 < x < 40:
4 yield x

for x in three():
2

e generator: a function that has an yield statement in it
o [yield E <= supply the value of E to the for statement;
to explain:
» calling a generator immediately returns an iterable object
» calling the iterable object’s __next__ method will execute the
function up to the next yield statement and returns the
value passed to it
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Python £ & &

o A7/ MNEIH
» ZHHME: AU AY Y RETY I AT LITED %
» — 5 THlAAA ] OEFEEEIIAY Y RIFOH U
* +: __add__
* [1: __getitem__
* for : __iter__ & _next__
* ete.

o FMIUMRA (HHEMRAEZ LAWY
o HARIIHAMMRELI— R (HRRI—RMPax BT —&IZ
U TH )
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Python summary

@ object-oriented

» polymorphism: different method implementations with the
same name

» apparently “builtin” operations are in fact implemented with
method calls

* +: __add__

* []: _getitem__

* for : __iter__ & _next__
* etc.

e dynamically typed (lack of static type checks)

e naturally highly reusable (a code of “a natural look” can
work on many data types)
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